Background Tildrakizumab is a specific anti-interleukin-23p19 monoclonal antibody approved for the treatment of plaque psoriasis. Objectives To evaluate the long-term efficacy and safety of tildrakizumab treatment for patients with moderate-to-severe psoriasis for up to 148 weeks. Methods Pooled analysis from two double-blind, randomized controlled trials: reSURFACE 1 and reSURFACE 2. Efficacy was assessed for responders (≥ 75% improvement in Psoriasis Area and Severity Index; PASI 75) and partial responders (PASI 50-75) to tildrakizumab 100 mg and 200 mg at week 28 who were maintained on the same dose (administered every 12 weeks), and for partial responders or nonresponders (PASI < 50) to etanercept 50 mg at week 28 who, after a 4-week washout, were switched to tildrakizumab 200 mg (administered at weeks 32 and 36, and every 12 weeks thereafter). Safety was assessed in the all-patients-as-treated population. Three different methods of imputing missing data were used: nonresponder imputation (NRI), multiple imputation and observed cases. The Clinicaltrials.gov numbers are NCT01722331 (reSURFACE 1) and NCT01729754 (reSURFACE 2). Results At week 148 (NRI), 72Á6%, 53Á8% and 28Á9% of tildrakizumab 100-mg responders and 80Á2%, 59Á9% and 32Á6% of tildrakizumab 200-mg responders had PASI 75, 90 and 100 responses, respectively. For partial responders to tildrakizumab 100 mg and 200 mg, the proportions of patients achieving PASI 75, 90 and 100 responses were 32Á5%, 25Á0% and 10Á0%; and 47Á1%, 27Á5% and 12Á8%, respectively. For patients who were partial responders or nonresponders to etanercept, the proportions of patients achieving PASI 75, 90 and 100 responses were 66Á9%, 43Á8% and 14Á9% at week 148. Rates of discontinuations due to adverse events [tildrakizumab 100 mg: 1Á7 per 100 patient-years (PYs);
tildrakizumab 200 mg: 1Á2 per 100 PYs] and exposure-adjusted rates of serious adverse events (5Á9 per 100 PYs; 5Á5 per 100 PYs), severe infections (1Á1 per 100 PYs; 1Á1 per 100 PYs), malignancies (0Á6 per 100 PYs; 0Á4 per 100 PYs) and major adverse cardiovascular events (0Á4 per 100 PYs; 0Á5 per 100 PYs) were low. Conclusions Tildrakizumab was well tolerated and efficacy was well maintained in week 28 responders who continued tildrakizumab treatment through 3 years, or improved among etanercept partial responders or nonresponders who switched to tildrakizumab.
What's already known about this topic?
• Tildrakizumab 100 mg and 200 mg are efficacious and well tolerated with shortterm use in the treatment of patients with moderate-to-severe plaque psoriasis.
What does this study add?
• High levels of efficacy are maintained for up to 3 years of psoriasis treatment with tildrakizumab.
• There is a favourable long-term safety profile with both tildrakizumab 100 mg and 200 mg, with a low incidence of adverse events of special interest through 3 years.
Interleukin (IL)-23 is a key regulatory cytokine that is essential in differentiation and survival of T helper 17 cells, which are cells fundamental in the pathogenesis of psoriasis. Thus, specific and selective targeting of IL-23 has become an effective therapeutic strategy, 1-3 without targeting IL-12. Tildrakizumab is a monoclonal antibody that specifically targets the p19 subunit of IL-23, and that is approved for the treatment of plaque psoriasis in the U.S.A. and European Union. 4, 5 The objective of this manuscript is to report the 148-week pooled efficacy and safety results in patients from two phase III trials, reSURFACE 1 and reSURFACE 2, 5 who were responders [≥ 75% improvement in Psoriasis Area and Severity Index (PASI 75)] or partial responders (≥ 50 to < 75% improvement in PASI) to tildrakizumab 100 mg or 200 mg at week 28 and who continued treatment with the same dose of tildrakizumab. The evolution of patients who were partial responders or nonresponders to etanercept 50 mg at week 28 and who were then treated with tildrakizumab 200 mg is also presented. The results of these trials to week 28 have already been published. 5, 6 Patients and methods
Patients and study design
Both reSURFACE 1 (64 weeks) and reSURFACE 2 (52 weeks) were three-part, parallel-group, double-blinded, randomized, placebo-controlled phase III trials. The detailed methodology and patient characteristics have been published previously. 5 In part 1 (week 0 to week 12), patients were randomized 2 : 2 : 1 to tildrakizumab 200 mg, tildrakizumab 100 mg or placebo (reSURFACE 1), or 2 : 2 : 1 : 2 to tildrakizumab 200 mg, tildrakizumab 100 mg, placebo or etanercept 50 mg (reS-URFACE 2) ( Fig. 1 ). In part 2 (week 12 to week 28), placebo patients were rerandomized 1 : 1 to tildrakizumab 200 mg or tildrakizumab 100 mg. In part 3 (week 28 to week 52 or 64), PASI 75 responders in reSURFACE 1 were rerandomized to continue the same tildrakizumab dose or to receive placebo (with retreatment with the same tildrakizumab dose upon relapse); in reSURFACE 2, PASI 75 responders to tildrakizumab 200 mg were rerandomized to tildrakizumab 200 mg or tildrakizumab 100 mg, while PASI 75 responders to tildrakizumab 100 mg maintained the same dose.
In both studies, partial responders to tildrakizumab 200 mg continued the same dose, while partial responders to tildrakizumab 100 mg were randomized 1 : 1 to tildrakizumab 200 mg or tildrakizumab 100 mg. Tildrakizumab 100-mg and 200-mg doses were given at week 0, week 4 and every 12 weeks thereafter. In reSURFACE 2, etanercept 50 mg was given twice weekly in part 1 and once a week in part 2. At week 28, partial responders and nonresponders to etanercept 50 mg were crossed over to tildrakizumab 200 mg after a 4-week washout period. Tildrakizumab 200 mg was administered at week 32, week 36 and every 12 weeks thereafter. At week 52 or 64, patients who completed part 3 with at least a PASI 50 response entered an optional and still ongoing extension period of up to extension week 256 (reSURFACE 1) or up to extension week 244 (reSURFACE 2).
Both studies were conducted in a double-blinded manner for the entire duration of the base study (parts 1, 2 and 3). The first 28 weeks of reSURFACE 2 employed double-dummy blinding, administering matching placebo doses of tildrakizumab and etanercept with identical prefilled syringes. Once the base study was completed and locked at week 52 (reSUR-FACE 2) or week 64 (reSURFACE 1), patients in the extension were provided open-label study medication for the rest of the study.
The main inclusion and exclusion criteria at baseline were similar for reSURFACE 1 and reSURFACE 2. Patients fulfilled the following inclusion criteria: age 18 years or older, diagnosis of plaque psoriasis ≥ 6 months previously, ≥ 10% of body surface area affected, Physician's Global Assessment score ≥ 3, PASI score ≥ 12, and a candidate for phototherapy or systemic therapy. In reSURFACE 2, patients who had previously used etanercept or were sensitive or allergic to latex were excluded. The study protocols were approved by local institutional review boards or ethics committees, and all patients provided written informed consent.
Assessments
Efficacy was assessed based on PASI 75, 90 or 100 response rates (proportions of patients achieving ≥ 75%, ≥ 90% or 100% improvement) and the proportions of patients with absolute PASI scores < 1, < 3 or < 5. In part 3 and the extension period up to week 148, efficacy measurements were done at weeks 28, 32, 36, 40, 52, 60 and 64, and then every 12 weeks until week 148.
Safety assessments consisted of overall adverse events (AEs) and AEs of special interest. Severe infections were defined as any infection meeting the regulatory definition of a serious AE (i.e. resulted in death, was life-threatening, required inpatient hospitalization or prolongation of existing hospitalization, resulted in persistent or significant disability or incapacity, or required intervention to prevent one of the other outcomes listed), or any infection requiring intravenous antibiotics. Extended major adverse cardiovascular events (MACEs) included nonfatal myocardial infarction, nonfatal stroke, unstable angina, coronary revascularization, resuscitated cardiac arrest, and cardiovascular deaths that were confirmed as 'cardiovascular' or 'sudden'. Deaths and serious cardiovascular events were adjudicated by an external clinical adjudication committee. Safety measurements were done at all study visits, which coincided between the two studies, except at weeks 44, 48 and 56 (reS-URFACE 1 only) and week 46 (reSURFACE 2 only).
Statistical analyses
Responders were defined as patients with ≥ 75% improvement in PASI; partial responders were defined as patients with ≥ 50 to < 75% improvement in PASI; and nonresponders were defined as patients with < 50% improvement in PASI.
The current analyses focus on 148-week efficacy data in patients who were responders or partial responders to tildrakizumab 100 mg or 200 mg at week 28 and who continued treatment with the same tildrakizumab dose, and in patients who were partial responders or nonresponders to etanercept 50 mg at week 28 and who were crossed over to tildrakizumab 200 mg ( Fig. 1 ). Safety data for the 148-week period, pooled across reSURFACE 1 and reSURFACE 2, were also included.
The patient populations were different for the safety and efficacy analyses. Efficacy analyses were performed on the full analysis set of part 3, which consisted of all patients who entered part 3 (at week 28) and received at least one dose of study treatment in part 3, based on the treatment assigned. Responders to tildrakizumab 100 mg, responders to tildrakizumab 200 mg, partial responders to tildrakizumab 100 mg, partial responders to tildrakizumab 200 mg, and partial responders or nonresponders to etanercept 50 mg were analysed as separate subgroups.
The presented data are based on nonresponder imputation (NRI), where patients with missing data were treated as nonresponders. Observed cases (OC) and multiple imputation (MI) data are presented as sensitivity analyses. A monotone missing data pattern and regression were used to generate multiple imputed datasets according to the different treatment schemes. The imputation model used for analysis of dichotomized PASI response based on the multiple imputed PASI score included demographic variables and baseline disease characteristics such as age, sex, body mass index, presence of psoriatic arthritis, prior exposure to biologics, baseline PASI, baseline Physician's Global Assessment or baseline body surface area, as covariates. After imputation, dichotomized responses (PASI 75, 90 or 100, PASI < 1, < 3 or < 5) were computed for each dataset and then reported as n (%) computing the average from the 10 imputed datasets.
The 95% confidence interval (CI) for the proportion with NRI was computed as
wherep NRI = proportion with NRI; N NRI = sample size per treatment; CI NRI = 95% CI forp NRI and z a/2 is the 1 À a/2 quantile of the standard normal distribution (i.e. z 0Á05/2 = 1Á96). The 95% CI for the proportion with OC was computed as
wherep OC = proportion with OC; N OC = sample size per week and treatment; CI OC = 95% CI forp OC and z a/2 = 1Á96. For MI data, the proportion used for the computation of the 95% CI was obtained using the average of the 10 proportions (i.e. 10 imputed datasets) from MI analysis. The 95% CI was then computed as
wherep MI = proportion with MI; N MI = sample size per treatment; CI MI = 95% CI forp MI and z a/2 = 1Á96.
The number of patients used (sample size) for NRI and MI (N NRI and N MI ) were 329, 227, 40, 102 and 121 for responders to tildrakizumab 100 mg, responders to tildrakizumab 200 mg, partial responders to tildrakizumab 100 mg, partial responders to tildrakizumab 200 mg and partial responders or nonresponders to etanercept 50 mg, respectively.
Safety analyses were conducted on all of the tildrakizumab-treated patients and were based on the all-patientsas-treated population, defined as all randomized patients who received at least one dose of study treatment based on the treatment received. Data were pooled from patients treated with either tildrakizumab 100 mg (patients who received tildrakizumab 100 mg in at least one part of the study), tildrakizumab 200 mg (patients who received tildrakizumab 200 mg in at least one part of the study) or placebo (patients who received placebo in at least one part of the study). Medical Dictionary for Regulatory Activities preferred terms were assigned to tildrakizumab 100 mg, tildrakizumab 200 mg or placebo if the AE occurred when the patient was actively being treated with tildrakizumab 100 mg, tildrakizumab 200 mg or placebo, respectively. The etanercept 50mg group is presented alongside the pooled data groups. Preferred terms were assigned to etanercept 50 mg if the AE occurred when the patient was actively being treated with etanercept 50 mg. Patients were counted in each assigned treatment group after starting a different treatment.
Exposure-adjusted incidence rates (EAIRs) [i.e. events per 100 patient-years (PYs) of exposure] for overall AEs and AEs of special interest, are reported. EAIRs were computed using the number of events for a particular event, adjusting by the total PYs of follow-up for each treatment, where total PYs of follow-up was the sum of the individual exposures in years for all patients by treatment. Different crossovers due to the study design were taken into account (e.g. patients who were taking tildrakizumab 100 mg or 200 mg during part 1 and then crossed to placebo in part 3). Computation of EAIRs by treatment was as follows:
Using the previous formula for the computation of EAIRs, the 95% CI for an EAIR was computed from the standard error (SE) for an incidence rate, estimated as The 95% CI for the (estimated) incidence rate (IR) was then computed as:
where z a/2 = 1Á96.
Results

Efficacy population
At week 28, 329 patients who were responders to tildrakizumab 100 mg, 227 patients who were responders to tildrakizumab 200 mg, 40 patients who were partial responders to tildrakizumab 100 mg and 102 patients who were partial responders to tildrakizumab 200 mg were maintained on the same dose. In addition, 121 patients who were partial responders (70%) or nonresponders (30%) to etanercept 50 mg were switched to tildrakizumab 200 mg (Fig. 2) . Few patients discontinued due to lack of efficacy or AEs during part 3 or the extension period (Fig. 2) . For example, in the tildrakizumab 100-mg (n = 302) and 200-mg (n = 213) analysis groups, there were three (1Á0%) and one (0Á5%), respectively, who discontinued due to lack of efficacy, and five (1Á7%) and five (2Á3%), respectively, due to an AE during the extension period. The demographics and disease characteristics at baseline were similar across treatment groups (Table 1) , and were also similar to those of the general trial population.
Efficacy results
Responders to tildrakizumab 100 mg or 200 mg
The proportions of responders to tildrakizumab 100 mg ( Fig. 3a ) or 200 mg (Fig. 3b ) achieving PASI 75, PASI 90 and PASI 100 responses at weeks 28, 52 and 148 are shown in Table S1 (see Supporting Information). Responses were maintained at week 148 (2-year extension period). The proportions of responders to tildrakizumab 100 mg ( Fig. 4a ) or 200 mg (Fig. 4b ) achieving absolute PASI < 5, < 3 and < 1 at weeks 28, 52 and 148 are shown in Table S2 (see Supporting Information).
Partial responders to tildrakizumab 100 mg or 200 mg
The proportions of partial responders to tildrakizumab 100 mg or 200 mg achieving PASI 75, PASI 90 and PASI 100 at weeks 52 and 148 are shown in 7 occurred during the base study, and were due to steatohepatitis and alcoholic cardiomyopathy, acute myeloid leukaemia, respiratory arrest, myocardial infarction, aneurysm and sepsis. During the extension period of reSURFACE 2, three additional deaths were reported: (i) an intoxication by the combined effects of fluoxetine and cyclobenzaprine; (ii) an unknown reason of death; and (iii) a case of asphyxiation due to a tractor accident. All deaths were assessed by the investigators to be not related to the study medication. One case of suicide attempt was reported in the tildrakizumab 200-mg group, which resulted in a suicide attempt rate of 0Á05 events per 100 PYs.
Incidences of severe infections, malignancies, confirmed extended MACEs and hypersensitivity reactions were low and comparable across treatment groups, although rates of severe infections tended to be higher for etanercept 50 mg ( Table 4 ). The most common MACEs were coronary artery diseasefour patients in the tildrakizumab 200-mg group (0Á20 events per 100 PYs); acute myocardial infarctionthree patients in the tildrakizumab 200-mg group (0Á15 events per 100 PYs) and one patient in the tildrakizumab 100-mg group (0Á05 events per 100 PYs) and cerebellar infarctionone patient in the placebo group (0Á49 events per 100 PYs). One case of suspected new-onset Crohn disease occurred in the tildrakizumab 100-mg group, which resulted in a rate of Crohn disease of 0Á05 events per 100 PYs.
Discussion
The treatment of moderate-to-severe plaque psoriasis has rapidly progressed in the last 20 years, and there are now many effective therapies. Numerous factors, including frequency of injection and presence of comorbidities, affect selection of therapies. 8, 9 For many patients, IL-23p19 inhibitors have demonstrated high levels of efficacy and safety, effectively confirming a key regulatory role of IL-23 in disease pathogenesis. 10, 11 As a chronic disease, psoriasis requires long-term treatment. Thus, data on long-term maintenance of clinical responses and long-term safety are needed for all treatment options, especially new biologic agents. The pooled analyses from the reSURFACE 1 and reSURFACE 2 trials presented here demonstrate long-term efficacy and safety data for tildrakizumab 100 mg and 200 mg from over 1500 patients with moderate-to-severe psoriasis treated for up to 3 years, with approximately 4000 PYs of follow-up. While tildrakizumab 100 mg is the recommended dose in major regions of the world, the European label accepts the use of 200 mg in certain conditions (e.g. high disease burden, bodyweight ≥ 90 kg).
Overall, these analyses indicate that most patients who initially respond to tildrakizumab (achieving PASI 75 after 28 weeks) and who continue treatment with tildrakizumab maintain this efficacy over time. PASI 75 responses were well maintained with continued tildrakizumab 100 mg or 200 mg in 8 out of every 10 patients through 148 weeks of treatment (NRI). PASI 90 and PASI 100 responses were also stable throughout the analysis period, and approximately 60% of patients had PASI 90 responses at week 148. Looking at absolute PASI scores, about 70% and 50% of patients, respectively, maintained PASI scores of < 3 and < 1 at week 148. In this regard, looking at absolute PASI may provide additional clinical value to PASI response in clinical practice. In addition, these data show that tildrakizumab has increasing efficacy over time in certain subgroups of patients. For example, a substantial proportion of patients with initial partial responses achieved good levels of response if treatment was maintained. Continuing treatment with tildrakizumab in partial responders beyond week 28 led to PASI 75 responses in approximately 60% of patients at week 52. Also, PASI 90 responses were achieved in approximately one-third of patients who were partial responders at week 28. Notably, clinical responses were maintained through 148 weeks. Therefore, continuing tildrakizumab should be considered in patients who have shown partial responses after the first 28 weeks of therapy.
In partial responders or nonresponders to etanercept 50 mg at week 28, switching to tildrakizumab 200 mg resulted in PASI 75 responses in approximately 8 out of every 10 patients and PASI 90 responses in 4 out of every 10 patients after only two doses. Additionally, absolute PASI scores < 3 and < 1 were achieved by approximately 60% and 25% of these patients at week 52. These responses were maintained at week 148. Thus, tildrakizumab may be a good alternative for those patients with moderate-to-severe plaque psoriasis who have not responded well to etanercept.
These results are in line with published data on other IL-23p19 inhibitors such as guselkumab, which is also approved for the treatment of moderate-to-severe plaque psoriasis. Results from the phase III VOYAGE 1 trial showed that clinical responses in guselkumab-treated patients were maintained through 2 years. 12 Other IL-23p19 subunit-specific The data are represented as n; events per 100 patient-years of exposure (95% confidence interval). TEAE, treatment-emergent AE; SAE, serious AE. 13, 14 The combination of durable efficacy and favourable safety, together with infrequent dosing (once every 8-12 weeks), characterize IL-23p19 inhibitors. Regarding safety, no new or unexpected AEs have been described with these drugs over time. 7, [13] [14] [15] Here, we have specifically demonstrated low rates of severe infections, malignancies and MACEs for treatment with tildrakizumab 100 mg and 200 mg over a 148-week period. EAIRs of severe infections, malignancies, nonmelanoma skin cancer, melanoma skin cancer and extended MACEs with tildrakizumab were low and comparable with placebo, indicating no increased risk of these events with tildrakizumab treatment. Also, the frequency of Candida infections was very low. Only one event of inflammatory bowel disease was reported (0Á05 events of Crohn disease per 100 PYs), even though an increased risk of incident Crohn disease among patients with psoriasis has been reported (relative risk of 4). 16 Aside from these prespecified AEs, no new or unexpected AEs were reported with tildrakizumab, and rates of discontinuations due to AEs were very low. Although these data are very promising, patients with moderate-to-severe psoriasis may need treatment for years or even decades. Thus, longer-term safety data are needed for tildrakizumab and the other IL-23p19 inhibitors. Of note, the reSURFACE 1 and reS-URFACE 2 trials are both 5-year trials, with long-term results to be published upon their completion.
Our analyses had several limitations. Nonresponders to tildrakizumab 100 mg or 200 mg discontinued at week 28 and were not included in this report. However, more conservative NRI data from week 28 onwards are presented as a primary analysis. Etanercept was the standard of care when the trials were designed and was chosen as a comparator in the reSUR-FACE 2 clinical trial. Patients responding to etanercept were withdrawn from the study at week 28 as per the study design; therefore, no active comparator is available beyond that time point. Finally, patients in the extension period were provided open-label study medication.
In conclusion, in patients who initially responded to either tildrakizumab 100 mg or 200 mg, efficacy with continued treatment was maintained over time up to 148 weeks. Among partial responders or nonresponders to etanercept, tildrakizumab demonstrated high levels of efficacy after a few doses, and efficacy was also maintained over time. Lastly, the safety profile of tildrakizumab was favourable over 3 years, with low rates of severe infections, malignancies and MACEs.
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